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TABU GT oomra 



ZmtrolMtiQa 

CtoMral Betorlption 

Orliairi^Al IttU 

Hraltpbitrl^Al Bottom 

Olreoifortatlal R^laf oroMiint of Hraltphoro 

Radial Rolaf oroMiint 

Radial Baiaf orotaont of Homitpbitro 

Roof 

Oolmna 8 
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IRRODlXfflQI 

R«l»for««d •oatret* is aev replaeing si**! and wood at a Mttor- 
1«1 of •oMtruetloB la muaj anglatariag •trueturM. It la •■paeially 
adTaatagaoua la tank eenatnwtlon ba«aua« of Its durability aad lov 
■alutanaaoa okarga vteraaa ataol taaks, ••paoially for vatara ««ntala. 
lag oartala lalaarala, hara baaa fouai to datarlorata vary rapidly dna 
to matlag. Tha aoaorata, hovarar, aaa carry ao taaaloa, but auat aarra. 
•araly to protaot tha ataal, 

Tb» arltar, la aatalttlag thla daalga for tha dagraa of Baoha. 
lor of Salaaoa la Olrll Xaglaaarlag, eoasldarad a tank of auf flolaat 
oapaoity for a larga railroad yard iliara aany loeoentlTaa ara handlad* 

OKHSRIL KSORIFTIOI 

Bm tank la wta0 vp of a eylladrloal aall 80* -0" laalda di^ 
aaatar aad 30* - 0* high, a hamlapharleal bottoa, aad a ooaleal roof 
with a rlaa of 10* - 0«* lli^t oolians apaead a4aally oa a olrala of 
28* . 0" dlaaatar support tha struotura. Tha capacity la 28,200 cu. ft. 
ar 211,500 galloaa* 

fha irotlclng straas la tha ataal «aa takan at 12,000 #/la?, Tha 
lav Talua vaa naad to praraat cracka aa f ar aa poaalhla. Ooacrata aaa 
aaauaad to carry 450 #/la^ ooapraaaloa la coliams, bat ao tanaloa. fha 
wlad praaaura aaa takaa aa 25 #/aq, ft, of tha projactad araa. fhla la 
aoattiAat hlghar thaa tha ganaral rula . 40 f/aq. ft. on ona half tha pro- 
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jo^ttd arta - feut ims osod for graatar safety at tanks ara oftan oa 
aapaolally asqi^aad aitaa. Bia aoU ima aaaioMd to ba aapabla of bear- 
lag aafaly 3 tona/aq* ft«^ aorraapoailag to tba Inarloaa Brldga Ooflw* 
pany*a loading of ordinary olay and dry aaad mlxad with olay. 

OTLIHIItlQAL WALL 

Tha foroaa to ba ooaaldarad In tha daalgn of tha vail ara (1) 
tha vali^t of tba wdl) (2) tha imtar praaaura; and (8) tha wind praa- 
aiira« 

Tha imll ima aaawad alz Inahaa thlok. Ssmka bare baaa buUt 
vlth valla aa thin aa thraa Inohaa and aa thlok aa nlna Inahaa « In tha 
formar aaaa It vaa axtramaly difficult to obtain laqpanrlooa valla^ and 
In tha latter aaae no advantage vaa obtained for the extra thlokneaa 
abore about alz Inohea, 

Weight of tank 

W m/rx 30«5 x 0.5 x 80 x 150 s 816»000# 

8= 1 ^ >0B6 1 , .086 X 216>000 ^ gq^ ±u^2 q^^ 
lardt dt 30/5 X 6 ''"•^ ^'^^ "^"^ 

la aonerate 0* Z. 

later praaaura 

Straaa par vertical linear Inch » ^^^ ^ ' = ^•e h d 
vhere k « height In ft* 
d s diameter In ft* 

Then atreaa at bottom « 2*6 x 30 x 80 « 2840 #/lia* iao^i 

tenaloa* 
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Wind pregtqrg 

tta» ayllndor Mtt m a oantil«ir»r, 

MaSSdhxhs 12«S d hS f t»# 

5" 
8 s M« lAore ■ radius and I g /rtr^ 

T -TT 

Approxlaat«l7i irtiard t & thiokmast of shell in laehst (Saa 
TarMaura ft Bassall *?ublle later Sappllae" • page 713) 

« «= 1 X Mr - lt33 hH /±n^ 
iW aCF td 

/^ 

8 S3 l»83h^ s etraee per linear inoh 

i 

8 - 1>83 X 900 s 89«3#/lia» ia* teneiea* 

Then total tension at bottom of oylinder » 2380f» rarying uni« 
f onoly to sero at the top* 

Beinferoeaent in Oylinder 

Issiane 1/4* round Tortioal rods on 3d" oenters for full length 

of oylinder « not included in the required steel area# 

8paoing of horisontal rods ss steel area x steel stress 

total stress at any point 

See figure (1) for sise and spaoing of horisontal rods* 
BDflSFHIRIOAL BOTTOf 

Bie stress in a hemisphere may be resolred into tiR> parts^ the 
streee on a meridian^ or radical ]oint| and the stress on a eiroomferea- 
tial Joist # Let Ti and ft equal the tension per linear inoh on the 
tao eeotions respectively* Then T, - T« » 1/2 It ahere 7 «Tertlcal 
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4« 

prMfure la #/la^ and rs radius la laohas^ (Sao U. 8* Xetohuaft 
*fall0| Blaa and Qraia naratora* • paga 187 • 

Tho atrasa rarlaa onlfonBlr to a aaadLmai at tha bottQBi» 

▼ c 68.5 x45 « 19*5 #/ln2 

in 

T, s^s 19#5 X 15 X 12 « 1760 #/lla* In* at bottaa« 

S 

Ctaa olroumf arantlal ralnforoanant vaa opacad In tha aama 
nar aa that for tha ayllndar* (Saa Fig* 8)« 
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5. 

iRdh rod vill be of dlf forent langth* To find tboto lonsths 
a atanre ohowlttg th« eirouoiforoaoe at rarlotiB depths «w plotted (Fig* 
S) and the follovlag table vae vmAi 



CIRCUHFXKISTIiL BKmORCBIflnn OP BKMISFHERI 
All rode 3/4" round 



Ho* of 


Spaolng Dletanoe 


OlreuBw 


lo. of Spa< 


red 


la from top 


ferenee 


rod in 




laohee la iathee 


In Inehes 




1 


8 


181.5 


150 


37 8 


2 


8 


178.5 


350 


38 8 


8 


8 


175.5 


880 


39 8 


4 


8 


172.5 


885 


80 8 


5 


3 


169.5 


435 


31 3 


6 


3 


166.5 


480 


83 3 


7 


8 


168.5 


520 


33 8 


8 


3 


160.5 


550 


34 8^ 


9 


3 


157.5 


585 


35 3t 


10 


3 


154.5 


615 


36 8: 


11 


^ 


151.35 


640 


37 8: 


13 


^ 


148 


670 


88 8: 


13 


* 


144.75 


695 


39 3: 


14 


^ 


141.5 


730 


40 3| 


15 


t 


138.35 


745 


41 4 


16 


* 


135 


770 


43 4 


17 


* 


131.75 


795 


43 4 


18 


^ 


138.5 


815 


44 4 


19 


* 


135.25 


838 


45 4 


30 


3 


132 


858 


46 4 


31 


2r 


118.75 


875 


47 4 


33 


9 


115.5 


895 


48 4j 


23 


3 


113.35 


910 


49 4^ 


84 


^ 


108.75 


930 


50 4^ 


35 


3 


105.35 


945 


51 ^ 


36 


i 


101.75 


960 


53 4^ 



g Slstano^ Oiroxm- 

In Inohat from top forenoe 

in indhM in ins« 



98.35 


970 


94.75 


985 


91.35 


995 


87.75 


1013 


84.35 


1030 


80.75 


1083 


77.35 


1045 


73.5 


1055 


69.75 


1066 


66 


1075 


63.35 


1085 


58.5 


1093 


54.75 


UOO 


51 


1106 


47 


1115 


43 


1130 


39 


1135 


35 


1180 


31 


1185 


37 


1140 


23 


1144 


19.25 


1146 


15 


1148 


10.75 


U50 


6.25 


U50 


3 


1150 
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6. 

BiDIAL BXUVORGEUEBT 

A 4wrwe vw plotted between stress la #/lln« inch and olroa»* 

fsrenee In Inohss* (800 ?lg*4}« 

Hie nunbar of radial rods raqnlrad on any olrotniforantlal rod 

clroumf aranoa x stress and the spaolng » olrcqaf arenoe 

ateel atresa x ateel area r^^A lo. of roda, 

lUSIAL RXmORCiaaEHT OP EEtflSEHBa 



All roda 1« rotmd 

Dlatanoe from lo* rods Spaolng 
top In Inches required Inohea 



Uaed 



18S 


25 


5,58 


181 


82 


5 


180 


88 


5*275 


179 


45 


5.84 


178 


50 


5.30 


177 


54 


5.86 


175 


64 


5.28 


170 


79 


5.44 


165 


91 


5,5 


156 


107 


5.68 


344 


122 


5.73 


183 


185 


5.9 


120 


141 


<;04 


108 


150 


6.19 


96 


154 


6.36 


84 


157 


6.5 


72 


157 


6.75 


60 


157 


6.925 


48 


156 


7.11 


36 


154 


7.34 


24 


152 


7.51 


12 


147 


7.8 





149 


8.05 



50 on 1 tpaMd 8« 
(25 loops bent 
•0 w to eloar 
•Mh other at bottom) 
On 2 add 20 70 • 3.57« 



on 4 add 20 90 • 4.275" 
Ota 6 add 20 UO • 4.36* 
On 10 add 20 130 • 4.725* 
On 15 add 20 150 • 4.96* 
On 24 add 10 160 • 5.8* 



on 52 . 160 • T.S" 



lote - limbers in last eolom refer to eirotaferentlal rods* 
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AatuM IS* proj«etioa toyoBd wtlU 

!•■«■• rise bIO* 

AstuM MOV leM s40f/«4* ft« 

Amum «OMr«t« 8« tU.«ka86«4 * « 

AascBBt «mt«rprooflBg g 8»< ■ * 

Total loU iHT' • ■ .p 

▼ortleal f oroo at any point « pirr^* (8oo Oroone** *8tnu- 

tural Moehanloa" • pago 818) • 

Btrtaa par llaaar laeh en •Iremfarantlal oaatlens 

p#>-r * aao -^ s yr aoo ■» 

Straaa par llaaar ln«h on radial aaatlonsp r oae -9 vhara 
't B tha aagla batvaan ona alda of Hia roof and tha Tortlaal 



« =y iO^ + 16 >5^ al«98 
10 

Kaxlsiai atraaa at bottom « 80 x 16,5 z 1.98 « 25S0#/ll». ft. 

laaaaaarr araa par llaaar laah 12« wida« 8550 ".218 eq. la. 

13000 
JSm9 azpandad aatal lo. 85»8 

Straaa par llnaar lach to ba raalatad at adga of aall s 

P r aag-O . 80 x 15.5 « 12 x 1.98 « 100 #/ll»* la. 
—J 144 X 8 

Horlsoatal eoBVoaant of tbla atraaa « 15.5 x 100^ 84 #/lim.la. 

leaaaaary ataal •onaantratad at tha top to earrj tliia thmat s 



Digitized by 



Google 



Digitized by 



Google 



il X la X 8* s 2*6 •«• in* 

35555— 

Vm 2-1 1/8* TowU rods (See g^Mral dr«wliig)« 



9m eoluBM an to have no brMiagi honoo they aniit oarry both 
tko dlroct ooB^rottlTO • trass and tha baadlag atraaa dua to tha wind. 
Iha lattar atrass was assiaad as appllad at tha bottom of tha eylladar* 
rrom that polat to tha top of ttia oyliadar tha lanar faoaa of tha 
oolaaos aara giram aaeh a battar that at tha top tha thlcknass was tha 
Sana as that of tha wall* Straaa from tha wall was assuMd to ba trans- 
Bit tad to tha colaaos la a oannar alailar to tha tranafaraaoa of atraas 
from a floor alab to a baam* 
toada 

Hoof load tr 80 X 1/2 ^ D E aao « « 80^000 # 

Oyliadar waUs rrD E x ISO x 1/2 " 216^000 # 
Hamlsphara 1/2 n-D^ x 150 x 1/2 « UO^OOO # 
Watar 28,200 ou. ft. • 62 l/2# ° l.T60>000 # 

Load oa 8 aoliama <= 2,166,000 # 
Load on aaoh oolvam ■ 271,000 # 
find praaaaraa 

?ro]aotad aq. ft* in roof "^ 10 x 15.5 » 155 
Projaotad sq. ft. la oyllndar " 31.x 80 « 980 
Projastad aq« ft. in hamispharag ^ D^ g 878 . 

fatal araa g 1468 aq. ft. 
Oaatar of grarity of aarfaoa= 155 x 38 1/3-1-930 x IS 
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• 178 X 4 X 15^5 B 1468 X 

Z all«37* abOT« bottOB of eylinder* 

fotal Vint prMtur# =^85 x 1463== i6,600# 




(CI) 




istoie wind as shown in (b) • 

Ihsn stroM is oarrlod by throe potto « A^ B» 0. 

1 and will oaoh oarry loot thaa B» 

AaoQBO 1 and oarry 7/24 oaoh# Thon B oarrloo 5/lS« 

5/18 X 86,600 s 15,800 # to bo oarrlod by qm ooliaui. 
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10. 



I ^ 



. , yt^.T^y.^,^ two eQIan* a«t together eiailar 
to the "portal* aetlon of • bridge. 
Height to bottom of eyllndem 45** 
ISBoie fixed ende. Vertleal eoevo. 
aent of vlnd preeenre »PV <= 



A/. 



^0'% jy 






^M[ 



15>800 X 33.87 

' 8o 



17,800 #. 



Borlsontel eonp.^ P * 7,650 #. 

T 
KaxlaMi llTe load at bottom of eylln. 

der » 371, 000 + 17, 800"* 288, 800 #/ool. 

ieeiae colonne 86* e^uare* Iztra nater. 

lal In tank per eolom » 1/2 z 

80 X 80 « 3 X 150 g 16,850 #. 
12 
Weight of eolcna belov cylinder >*8 x 3 x 45 x 150 * 60,800 # 

Total load at bottom of eoltanie a365,950 # 

OompreeelTe strese « 365, 950 «282 #/oq, la. 

■56x16 
Beading moment doe to horliontal ecmponent of vlnd preeeure 

7650 X 22.5 x 12 a 2,060,000 la # 

8 =1 Me » 2>060.000 x6 - 266 #/eq. In. 

I 86 X 36 X ?6 

Combined etreee =» 266+ 282« 548 #/eq. In. 

Steel ratio = 548 «1.07 jC (See Tumeaure and ll&urer 

4^ X iVU 
*Prlnolplee of Reinforced Ooncrete Oonetmctlon* - page 128) 

Steel required =36 x 36 x .0107*13.85 eq. In. 

Uee 12 - 1 1/4* round iDde. 
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UGHCRAGI FOR 001*0108 
Itli^t of roof (vlthottt snow load) » 40^000 # 

Woig^t of cylinder vallo » 216,000 # 

Wolg^t of Haodsphoro =: 110^ 000 # 

866,000 # 
Woli^t on oach oolian "« 45,750 # 
Weight of eoltom =» 77^650 # 

183,400 
TtpWMTd reaotlon of oolunui duo to vinds 15,800 # 
Ho mnehorag? noeoooary* 

fOUHDillOV 
Sianetor of oOlotm oontore » 28* 
Qpaeing of ooluBm^ /rx 28 =g U* 
Aaamo tliat top la an annular ring 42* wide. 
Than Inalda dlaaotor at top a 24* • 6* 
Than outalda dlaaatar at top ^ 81* « 6* 
Ooaaldar / y N^ erosa aaotlon of unit width. 



H • 1/2 f Z^ » 8 I 
IT 

1/2 1 I* = 8 



Aaauaa Modulua of Riqitura & 200 #/aq« in. 
Faotor of aafaty s 10* Than 8 « 20 f/aq. in. 
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12, 
lasuM bdarlng povvr of tolls 2 toaa/t<i. ft. 
f a 4000 « 27.8 



'^fe--'' 



J"-^ 




4010 #/tq. ft. 0. I. 

ni«n iMlda dimeter of b«s« » 18* • 2« 
Ihen outside dianeter of base « 37* . 10 



Batter ratio « 1/2 

AsBUM y a 76* 
f eight per ft. of length « 
11^76 + 38x76 z 150 =*6340 # 

SO 

Oolunm preestare per ft. of length s 

365.950 s 332001 
U 

Total load per ft. of length ■ 

39,540 #. 

Bearing pressure »39540 x 12 ■ 

—US — 
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13. 
8I>IOI7IOif IONS fGR 1 BBIHIORCBD OOVGRETI IAUR TAHK 

Ixtmt «f Oont ra«t« Iheae •pealileatlou Inelodo th« fvr- 
aithing of «11 BMitarlal and tha ecnplotloa of all work noooasary for 
tlxB oonatruotion of a vmtor tank aa apaoif lad la thaaa apaalf Icatlona, 
and aa ahown oa tha dravlngfi for aald tank, Khloh ara haraby aada a 
part haraof • 

Qaaaral l)aaarlptlon# Iha tank ahall ooaalat of a ayllndrl^ 
eal vall» oonlcal roof, and handaphara bottonii with rarloua appurta- 
nMXLQBB tharato, aupportad by oolwiaa oa a oonorata foundation aa ahown 
In tha drawlnga for tha aald tank* 

Foundat ion* Iha axearation will ba of aueh a form, dlanatar 
and dapth aa to allow tha foundation ahown on tha drawlnga to ba ooo- 
atruotad* Tha bottom of tha azoaratlon will ba broui^t to a laval 
and thoroui^ly raonad and oonaolldatad to the aatlafaetlon of tha angl^ 
aaar or Inapaator* 

Iha foundatloa ahall ba of aonorata aa ahown on tha plana. Said 
oonorata ahall ba laid aa harala prorldad* 

Aft ar tha foundation la cooplatad tha aarth ahall ba flUad In 
about It^ and thoroui^y ranaad, and aftar tha ocaiplatlon of tha aupar^ 
atructura, tha aurplua aarth ahall ba gradad to tha aatlafaetlon of tha 
englnaar* 

3ig ara t ru cturjBr» Iha walla, bottom, roof and oolumna, together 
with the aooeaaorlea thereto, ahall be buUt aa prorlded herein and aa 
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14. 

Mhown on tte plans* 

Oaacrete» Tha oonorate in fha foundation shall ba a ItSsS 
Biz, aada and laid in aoaordanoa with tha apaaifiaationa of tha Anaru 
loan Bailvay Inginaarlng and Kaintananaa of Way Aaaoaiatlon far Port- 
land aamant aonarata* 

Bainforaad aoncrata ahall ba a thoroni^y unifona aixtora of 
aanant, aand, atona and vatar aomplataly anraloping tha rainforaiag 
rods* 

Bia TOluna of aand ahall ba 5^ in axoaaa of tha roluna of 
Toida in tha atona* Tha Tdluma of tha oanant (oonaidaring 100#b 1 
att« ft«) ahall ba Z9ji in azoaaa of tha rolana of tha roida in tha 
mixad aand and atona* Tha anginaar ahall datarmina tha toida and 
proportions* 

Tha TOluma of vatar ahall ba snffloiant to giro tha eonarata 
a fluidity that vlll aausa it to flow and aould itaalf in tha fonna 
witbaut taaping* 

Tha aonarata, aftar mizingi shall ba pourad and aorkad into 
final position in tha foma bafora ita initial sat is aonplatai and it 
shall not theraaftar ba disturbad* As it is ttius plaoad it shall ba 
thns^ug^ly vorkad by long, flat, thin bladad tools in a aannar that 
vill aliminata all Toida and air pookats and produaa unbrokan oortar 
f aoaa against all fonna and saoura parfaet aontaot with arary part of 
all rainforoing roda* 

Tha aurfaoa of conorata shall ba olaan and wat whan oonorata 
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15 « 
It }«ld tharooa* Iho •urfaco^ If luur4«nad shall alto ba mopped with 
eoBtat great laniodiatoly la adTanco of placing froah oonorota* Saooth 
or fialshod oortar •ttrfaeas shall bo aTpldod irtioro additional ooairoto 
io to bo plaood« 

1 rapid drying out of ooaoroto ahall bo proToatod by rogulari 
f roqaont and oontiauod aottiag aatil all danger of arrootod sotting 
and hardening is past, as the engineer shall direct* Trsesing of eoa-i 
orete before it has finally set shall be prerented* 

ill oonorete broken or displaced ia any aanaer after haring 
set shall be ramored froa the nork* 

Materials # The eanent shall conform to the specifications 
of the imeriean Society for Testing Materials « The sand shall be clean, 
sound and sharp, and it shall be of graded sited grains giring a mini- 
mam of Toids. The stone shall be clean, sound and durable. The word 
*stone« includes broken rack and grarel*. The stone shall be of graded 
sites giring a minimum of roids. All of it shall be able to pass thru 
a circular hole haring a diameter of 3/4* • 

forms » The concrete forms shall be made of metal or of dressed 
and matched lumber. Biey shall be accurately made and erected, be water 
ti^t, aad shall hare ample strength and rigidity to prevent bending and 
warping under load. They shall be erected ia each sections and courses 
as will permit the concrete to be poured and worked as abore specified, 
lo derice for holdiag the forms that would leare a hole thru the con- 
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16 « 
0T9U 0hall to usad* llras paialag thru tha ooaorata shall ba mlppad 
off baaaath tha eonorata faca« 

Ralnforaaaant^ Tha ooaerata shall ba raiaf oroad by staal 
rods of tha form^ slssi aumbar and arranganaat shoaa on tha drawlnga* 
Thay shall ba wlrad at intarsaatlons with aaoh othar^ and ba aalntalaad 
in ra^ulrad position as thay ara burlad in tha sonar ata^ at which tins 
thay shall ba fraa froa dirt and soala« Splioas in rods shall ba 1b^ 
pad 42 dlMBStars. lo spllsas shall ba opposlta a splloa in an adja*- 
oant lina of rods. Thara shall not ba aora than four splleas in tha 
olroumfaranca of tha tank# Ibmaoassary spllaa>s shall ba airoidad* 

aainforaing rodst Xha ralnforoing rods shall ba plain or da- 
fomad# Thalr tans 11a strangth shall ba batwaan 60,000 and 90,000#/sq« 
in* Ihair alastlo limit shall not ba lass than half thalr tans 11a 
strangth« Any rod shall ba aapabla of balng bant cold on a radios of 
thraa dlamatars thru 180^ without sign of fractura* 

fat arp roofings 1 dansa, aran aiztura of concrata as harain 
spaclfiad for rainforoad concrata shall ba tha primary axpadiant to 
sacura watar tight concrata. This may ba supplcnantad by aizing with 
tha camant soma foxm of watarproofing compound of proTOd af ficiancy* 
ffhara tha concrata can ba workad bafora it has sat| tha surface shall 
ba thoroughly trowalad until a dansa mortar faaa is sacurad* Oonorata 
surfaces already sat may ba plastarad by rich camant mortar, but sur- 
faces so treated shall first be cleanid and roughened by steel brushes 
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11. 

or th«lr aqulralaxt^ ud tha plaatarlng shall ba appliad on a f rash 
eoat of oamaat grout ooppad on tha surfaaa. 

In addition^ If aaaaaaary, aaparata and altamata vaahaa of 
soap and alum la tha crdar aoMd ahall ba appliad to tha driad and 
hardanad aonorata aurfaaa. Tha aumbar of washaa ahonld ba not laaa 
than tvo of aaoh, with a 24 hour Intarral batwaan aaafa« Iha pro- 
port iona should ba approxlaataly 8/4 lb. of aoap and 1/8 lb« of alua 
par gallon of vatar* Ihaaa proportions aay ba rarlad if battar n-^ 
suits ara tharaby saaurad# Tha soap vash shall ba appliad boiling 
hot^ without aausing frothing. Tha alum wash should hava a tanpan^ 
tura batwaan 60 and 80^ r# 

In all washing tha eonorata surfaaa traatad shall ba dry and 
alaan, and tha tanparatura should ba abora tha fraating point* 

Tasting* Aftar aooplationt tha tank shall ba f iUad with 
watar^and nnist show no laaks aftar standing ana waak« 
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